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SURFACE ROUGHNESS MEASURING 
UNIT 




ABSTRACT : PURPOSE: To make it possible to measure minute ruggedness on the surface of an 

object without contact in a high speed wiiii a high precision, by focusing the reflection light 
pattern for the projection pattern from the measured object onto an array- shaped 
detector. 



CONSTITUTION: The white light from light source 1 through optical pattern 2 is projected 
onto the surface of measured object 4 in an optical pattern form and becomes a reflection 
light corresponding to the optical property of the surface and is focused onto array-shaped 
detector 60 and is picked up. Meanwhile, the radiant tight of semiconductor laser 10 is 
irradiated onto object 4 from the oblique direction, and the reflection light is incident onto 
position sensor 62, and rough adjustment for defocusing can be performed by defocusing 
detection signal IP. Further, the detection signal dependent upon one one-dimensional 
scanning of array-shaped detector 60 is taken out into read circuit 6 and is processed by 
contrast detecting circuit 7, and focusing driving circuit 8 is driven to perform fine 
adjustmenL Thus, the focusing operation is perfonned in a high speed, and high-precision 
measurement is possible. 
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Exomple B j P- SOir'.r ij^o 3 - 

..22 m„. »l»imuKltcrS„T^Si,r75"'n2''-' 
0.165 mm ahead of the paraxial focus anH h» p!; i J L '^^ 
this blur spot will be equal to ^ ^' ^'^^ °f 



B - X 0.22 X 0.1005 - O.On.mm 



III folTSd occCrVs" the 

focus and that the diamet of\f e'ce^trar^sc o?l°' 1'" ^^^^'^'^^ 
is equal to i-eotral dis.c of the Airy pattern 

_ 1.22(0.00055) 
/V sin U ~ "° ^-^^ 

This central disc should contain about rrw r.r ,u 

image, since a marginal spherTcal of 0 oo !? °^ ^''^ '^"^'"8^ 

Rayleigh Limit (as shown .n E^^^pjf a)' '° 

resfdua" o^ 0%? Sm'^''"' =P'>«"<^-1 ^.ith a zonal 
from the paraxial focus and the spot size Sd be " * 

B = 0.84 X 0.33 X 0.1005 - 0.028 mm 

Here the comparison with thf rmn • • , 

The zonal spherical of 0 33 nfm ? analysis ,s less fortuitous. 
Limit; we woid exDect tL . FT ^'l"'^^!^"' t° one Rayleigh 
to be 0.00^6 mm as above anHTh "u'' '""^ diffraction pattern 
0.33 = 0.25 mm from the paraS focus ^.1"" ^''""^ ^ 

etiy is somewhat better if we ^se theZ'c^ T^Tf^'""''^ 
lines of Fig no- the ooXinn J ■ J ^/"'^'^^'^'^ the dashed 

the same Is \L OPD b'^sTf^^us an/ tL ? ^'^^"^ 

center spot of the geo.etricirSte^S i's^t^oTd^^^^^^^^^^^ 

11.8 The Modulation Transfer Function 

optical''?ystL^consisL"of°f seT' '""^ P^'-^^^-ance of an 

bars Of e'qual™ as l^Terj Fig'^lrrorse "^^^ 

sr"Lrr*fsr;^L^;sfs"et^■^^r^^^ 

discerned is consi^erl^ trbeltelim t'S rt^^^t^ofortrsyTe^^ 
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which is expressed as a cert;iin number of lines per millimeter ' 



BftlCHrNESS 



(B) 





SPREAD FUNCTION 



OBJECT {£OCE)- 
IC) 




(EDGE) image: 

OBJECT BRIGHTNESS 

I ^IMAGE 
X; ILLUMINATION 



then consist, of Ihs aummntion of .11 the spread functions D As the tZ I' V 
nns,. the contrnst between the H«h. «ui d.?k sres. 07.1:. im.g^'is'Veducid: " 

When a pattern of this sort is imaged by an optical svstem 
fsTbSre? 1 Width') ect isT-S ; 

figure il.lOB indicates a cross section of the briehtness of (Hp 
^^i^b^nd Fig. 11.10C Shows how the image spread functl 
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rounds off" the ''corners- of the image. In Fig. ll.lOD, the effect 
of the image blur on progressively finer patterns is indicated It is 
apparent that when the illumination contrast in the image is less 
than the smallest amount that the system (e.g. the eye, film or 
photodetector) can detect, the pattern can no longer be "resolved" 
If we express the contrast in the image as a "modulation"' 
given by the equation 



Modulation = " 

max. + rain. 



(where max and min. are as indicated in Fig. U.IOD). we can 
plot the modulation as a function of the number of lines per milli- 
meter, as indicated in Fig. ll.llA. The intersection of the modula- 
tion function line with a horizontal line representing the smallest 
amount of modulation which the system can detect will irive the 
limiting resolution of the system. 




Z 0.b 




ii'^'^fu*'"*^! modulation can be ploUcd aa a function of Ihe frequency of the 
t*at patum When the modulation drops below the minimum that can be detected, the 
Uni^H »y»\en, represented by A will produce a superior image, although 

both A and B have the same limiting resolution. 



Should be apparent that the limiting resolution does not fully 
ibe the performance of the system. Fig. ll.llB shows two 
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Akienzcichen des Anmelders oder Anwalls 

9074/12 PCT 


WICHTIGE MITTEILUNG 


Inicrnsoionalcs Akienzcichen 
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Iniernaiionalcs An melded atumf Tag f Mono t/Jahr) 
10/07/2001 


Priorit&tsdatumf Tag i Mono tJJahr) 
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Anmeldcr 

ZSP GEODATISCHE SYSTEME GMBH 


Bczcichnung dcr Erfindung 



1. Dcm Anmeldcr wird mitgcicilt, daD der intcrnaiionalcn Anmcldung das obcn gcn:innlc inicrnaiionale Aklcn/cichcn und intcrnalionaJc 
Anmcldcdalum zucrkannt wordcn isl. 

2, Weiicrhin wird dem Anmelder miigcicili, daO das Aklcncxamplar dcr inicrnationalcn Anmcldung dcm Intern aii on aJcn BCiro am 
obcn angegcbcncn Abscndcdalum ubcrmiiicU worden ist. 



3. I I Sonsiigcs: 



Das Inicrnaiionale Biiro (iberwachl die Ubcrmiltlung dcs Aklcnexcmplars durch das Anmcldcamt und unicrrichlcl den Anmeldcr Ober 
dcsscn Eingang (mil Formblatt PCT/lB/301). Isl das Akicncxcmplar bci Ablauf dcs vicrzchnien Monais nach dcm Prioritalsdalum 
noch nichl eingcgangcn, tcilt das Inicrnaiionale Buro dies dcm Anmeldcr mil (Rcgcl 22.1.C)). 
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